The Forster energy transfer was applied to study layer structures of mixed LB films of 11-(9-carbazolyl)undecanoic acid and palmitic acid deposited from surface supermonomolecular layers. The structure of Y-type LB films composed of a monolayer unit, which was proposed previously for such systems, was confirmed by the present method. It was further shown that the energy transfer was able to specify the supermonomolecular LB films.
Introduction
We have recently reported the molecular orientation and photochemical properties of carbazolyl chromophores in mixed LB films of 11-(9-carbazolyl)undecanoicacid (CUA) and palmitic acid (PA)[1J. The carbazolyl chromophores in such LB films were aggregated and oriented with their short and long axes making an average angle of about 35° with respect to the substrate surface. We have also reported the molar fraction dependent energy transfer in mixed LB films of long chain fatty acids and CUA containing a very small fraction of acceptors [21. A bilayer structure at the air/water interface due to the squeezing-out was also suggested in our previous study [1] . The structure of mixed LB films of CUA and PA which were prepared from monolayers squeezed-out at the air/water interface was shown to be a usual Y-type composed of a monolayer unit from X-ray diffraction and capacitance measurements [3] .
Such structural information is very important in incorporating monolayer assemblies containing carbazolyl groups into photoinduced electron transfer systems, which we have been studying with various amphipathic redox compounds [4] [5] [6] [7] [8] [9] .
In the present paper we will propose a new method to elucidate the layer structure of mixed LB films deposited from squeezed monolayers (supermonomolecular layer) at the air/water interface based on the interlayer Forster energy transfer.
Experimental

Materials
The synthesis of pure CUA was reported previously [1] . 
Discussion
The plateau of it-A isotherms at about 13mN/m in Fig. l and the limiting area at higher surface pressure normalized by the molar fraction of PA strongly suggested that the squeezing-out of CUA or PA occurred at about 13 mN/m and that a supermonomolecular layer (bilayer) structure was formed on the water surface at higher surface pressures. Several reports have been made on the formation of a supermonomolecular layer by the squeezing-out either at the air/water interface [1 1-19] or on solid substrates [14] [15] [16] [17] [18] [19] . Kawabata et al. [14] reported the formation of a bilayer structure at the air/water interface for a mixture of arachidic acid and squarylium dye. From the thickness measured by a stylus method, and the capacitance, they concluded that LB films were composed of a bilayer unit which was formed on the water surface. Kim et al. [16, 17] proposed a multi-stacked structure for J-aggregates of squarylium dyes with propyl groups in mixed LB films with arachidic acid from surface pressuremolecular area isotherms. Nagamura et al. [18, 19] observed two solid condensed phases in mixed monolayer assemblies of amphipathic porphyrin and arachidic acid. They proposed a stacked structure of two porphyrins at higher surface pressure after the squeezing-out [19] . 136 For the energy transfer between donors and acceptors located in layers separated by the distance d, the fluorescence intensity monitored at the wavelength where only acceptors shows fluorescence is expressed by eq 1, where IA is the fluorescence intensity of acceptors in the ab-
sence of donors, Ip is the fluorescence intensity of acceptors in direct contact with donors, and do is the critical distance for such two-dimensionally distributed donors and acceptors [20] . In the present case it is not possible to estimate dp directly using fluorescence data measured in LB films containing CUA and PDA as has been done before, because the structure of CUA/PA layer is unknown. The critical distance dp is related by eq 2 to the critical distance rp for statistically distributed donors and acceptors, which is estimated from the fluorescence spectrum of donors and the absorption spectrum of acceptors in solutions, dp4=(3/2) y a rp6 (2) where y is a constant dependent on the orientation of transition moments of donors and acceptors, and a is the number of acceptor molecules per unit area [21] . The interaction of pyrenes at the ground state is weak and is known only to form a loosely coupled molecular pair showing the spectral shift of only a few nm [22] . Therefore we can use rp estimated in solution as a good approximation to evaluate dp in LB systems. The value of 6 was estimated to be 1.88 x 1014/cm2 from the limiting area for PDA/PA(1:1). No estimation has been made for transition moments distributed over some range from a surface normal, although the value of y was previously given for donors and acceptors specifically oriented in separated layers [21] . The carbazolyl chromophores were distributed in CUA/PA LB films making 50°-66° for a short axis and 42°-70° for a long axis transition with respect to the normal of a film plane [1] . The limiting values of the critical distance dp were estimated to be 3.63 and 4.32nm from rp mentioned above and y values (0.25 and 0.49~c) for a donor CUA with experimentally determined distribution and an acceptor with transition moments parallel and perpendicular to the film plane as two extremes, respectively. Details of the estimation of y taking the distribution of transition moments into accounts are shown in the Appendix. 
Observed values (filled circle) of I(N=2)/I(N=0) at XeX=296nm are plotted in Fig.S against the fluorescence wavelength together with calculated depenc?Iences according to eq 3 (solid lines) and eq 4 (dotted lines) for two limiting values of dp . Lower and upper curves are calculated for dp=3.63nm and dp=4.32nm, respectively, in both cases. The results shown in Fig.4(c) and Fig.4(a) were used as Iq and Ip + Ip, respectively. The maximum experimental error was estimated to be about 1°Io in the calculation of these ratios. As shown in Fig No difference was found in the absorption spectra of PDA in the absence or the presence of a CUA/PA monolayer. Increased monomer fluorescence in CUA-sensitized cases appears that the enhanced monomer emisson results from energy transfer from CUA to PDA monomer directly. The distance-dependent energy transfer from CUA to PDA can be used to study the layer structure because the spectral pattern did not change as shown in Fig.4 (a) and 4(b). From these results one of the bilayer structures, the model (B) can be excluded. From X-ray and capacitance measurement, we previously reported that supermonomolecular layers on water surface were deposited as usual Y-type LB films composed of a mixed monolayer unit [3] . The present result gave another information supporting it. The energy transfer experiment can give solid information on the molecular arrangement in the bilayer structure which is not obtained from X-ray or capacitance measurements.
Conclusion
The Forster energy transfer method was proposed to study the layer structure of LB films deposited from supermonomolecular films on water surface. Althrough X-ray and capacitance measurements can distinguish LB films composed of a monolayer unit (model(C)) 
